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fzm^i^m 1 0 1 J: 1 0 2 <?>Mm#*11x 1 0 7 . 1 0 8 <?>KffllC r ^ > H 7' 

U->tLTi|#106lcJ;^M;btlTv^§„ 04 (B)Xlt\s]cm^l0et}'2^Ffflz 
^ $ tlT ^ C n ii t > g^^/h L M% ^ t Vmfilc ff tlfc fB] — g^p°n L T ^ 

^ 5 ^ U - 3 > ^ "t -5) /cy)T*> o T . ^r^tiliiX $ tl -5) [Hig&iO i'-- ^ > K t L 

[ 0 0 5 6 ] 

m 5 li:*:^H^ tc )b^;b-^filll*ia<tffl<?>^'S:ft-r> ■T"-^ 1 0 3 . 1 0 4 ^^^ tcl¥lffllc|fe 
BHi-§0T*>^o §g|^<7>S-^tt 0 4 i: [B] c t ;6*fg o T ^ ^ „ ^mWMX It . m T y ^ 
t^\zM^6. b mm. 1 mm^^:^r^^W-i^^'r y ^ t LX ^ . c ti a 7° 

'SriTf SiJ=5r«jt^g|^D°D^'£^^ L =5rv^f-<)6. Mil ±^ ^ V -y h § „ c c7> -^t ^ 7;- a f$ /f^ 
Mlv^^ 5 GH zco)^M 6 c mlclt^*^ I I 0 X . ^ co ^ ^ Xt^)^Mco I / {2 k) 
\:XT X ^ ^ 'hT y ^ -j- hM fytih o fzfzL. k lt^^m^X$>^ o 
[ 0 0 5 7 ] 

n-r y ^-i- izmM^conm itmm^^^ ^ fzdtyiz r => y K 7" u - > ^iEtt ^ <, 
^lsrtiiftffl]^fii'> ^-^ 1 0 3 \t=mM 'T^ > F 7' u - > ic 7 X 9 . 5 mm (Ty <ry 

1 0 9 **^'btiTv^-5,<, -^tz. mm^m\tWi^\t-r y I ^ 4\tmumM\zmm.\^ . ^ 
\z^^i)^nimx^^. m^nmitmcr^^^^itT y n- 103. io4a^ti^ti05icx 

[ 0 0 5 8 ] 

0 6 XtWmn'MitW-^it'r y ^ -y l 0 3 ^ - h 1 . tlg|l*)}ififfl'gftT> ^-^^ .tN- 

N 2 . ^^n.%tWi-r >^-^^#-h 3 i:L/--i:e<7>S^^•7 ^ - 9 (Ty y 5^U->-3>lcJ; 

H-»:*a*^^-r<> [5] 0 ^ ^ J= 7 tC. gM |*| ii f f <^ f g /f! T > 1 0 3 1^-h^\t 

n-ryn-'y\ 0 4 -££1 ^ ti ^ ^ ^^ ^T^giJ^ S 2 1 a ffl Ml-fe^ 5 GH z icfcv^T- 1 

6 d B . -T^-^ 1 0 5 ^m^nm^<^^it-r y n- 1 0 4 -^feM^ ti^:x 

- (7) SiJ ^ S 2 3 Xt^^'n.tt <ry'^\tW!kW<2 2.\z^\-^X- 4 9 dBTilo-So -fSr-b 

. figs ii ft m Sffi- > ^ 1 0 4 T a tits 1^ ii ft ffl ^ ft T > ^ -i- 1 0 3 <^ K ft m tl ^ 

«mmHSfiffl-F> ^-i- 1 0 5 <^]Kfttti;^<^ ^ -^^i^^aS2b S 2 3'^3Sv'^;??^-|xB^^ ti. DU 
J:ttt3 3 dBtec#$tl.5.o figsrtiift^^l^'5r<tf7f-i6lcti. $'blc4 7 dBgS<?5 
D Ultec#;b^-'£^^T*>-S :zoy^^aymm\tv a >v 9 ^m\tn^\z ^ ^W^W^Y ^ y tsi )^ 



[ 0 0 5 9 ] 

^^h-hmi'^X'<TyitLm^\t 0 . b => 'J -r y \::Xr h ij: . zfi\tm.^xhsinx<Tymh^2 
h-^j: ^m^X'S^^ . s \ n X ^ X Xinnx % ^ ^ ^ . Z<r) ^ -1 tj:;\^-r y 

itMW^<^m.fct^^^ h^i^ . T -yt^ zco ^ "7 \Z'h-^ < ^ h . WiWi > t^' - x li 

m:H\^<^ A y \t I . 5 ic jffi < o 
[ 0 0 6 0 ] 

mi \t. '^'hmwim=f-ij-hmm^ri^%^^.-tmx^h. 

[ 0 0 6 1 ] 

^ Df tl § o » r / k ( k 2 tt / A ) tc § i: . V. r = \ h -^j: ^ . ^fl^'tKf)^ 
[ 0 0 6 2 ] 

^ l*l^i--5.^<?>iftg** 1 /k . i-'&:b -*E> 1 / ( 2 TT ) J: t /J^^ v^it^lca. ^coTyn^ 
It ') -r ^7 9 y ^fi^^io^^m^lz "0 . t y -y <^m'^WL^it^W]mz±% < ^W^Sit 

^„ ^<:?>3E^^i. l5lJ;ilJ. i>>( T <^ ^ 1^ IC l¥ L < ^ tl T ^ » 
[ 0 0 6 3 ] 

Chu.L. I. "Physical Limitations of omni— d 
irectional Antennas". Journal of Applied 
Physics. 1948. 19. pp. 1163-1175 

McLean. J. S. "A Re — examinations of the Fu 
ndamental Limits on the Radiatuon Q of E 
lectrically Small Antennas" IEEE trans A 
ntennas Propagation Vol 44. pp672 — 676. 199 
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[ 0 0 6 4 ] 

*^BH^^StefJtt/h-r> -T^-^cT^ 3<5o:ff'l4^Wffl L tz^ (t^X 3h "0 . t y <^WLm^^^ 

^-f ^n<^m.%i}^^mn.Wik<^'ik^<^ I / i2 j: ^/h^ < j: 7 ic. -ry'T-j-<D 

-4- ^ X^^/^-t § c h X. 1^ y ^ -y<Dn^ ^) T ^ 9 y ^.i^^^^^^fiji^-t § c h t^^mh 

^►9. -ry^-^nMi^'n'^m\)kWLmm^'y^^m<\^xmm^w^.-th^<r)xs^^. ^tz. 
'hTy^-yx\t^\^-\tii^m<-^£^rzit). ^ uiy 3u >imm.^n'^mmnmm<^ ^ ^ \z . m 

4 (A) <?>ZT^J^i-it^a^li^ L/i[Hl$Kt^ftli:-t^v^^p>^^ 2M«jt<?> J; 7 ^'^$t^rff 
[ 0 0 6 5 ] 

-^^MM\zis\^X It. m.%h^'ik^<^ 1 / ( 3 7r ) (r)n\H\z ^m^X % A XX-> 5 - U 

- ^ 3 y^n^'^ . B:nt£^^'\i.t}^m ^ti^ Z t^^.-fo ^ hlZ. m^'^tj^'llkM:^ \ / ( 5 TT ) 

BR 1*1 tc i|X*l^ T S -5) ^ X i: L T t J= < . Z <r)^^\t "f- v V ^v^Xt v - i; ^ ^tz 
\t V 'T — h\z-r y n- -y •^%t'm.~t ^ (^xz'itfm.X ^ ^ o ^tzT y ^ -^co-^ XcoTMlt. 
@e,^co,^i|iiJiiJi i: -t •& 3 t ij^itf * L v^„ 
[ 0 0 6 6 ] 



[ 0 0 6 7 ] 

m 8 icfcv^T. c p u 4 0 1 a. m^mmMWt4 o e i}-^mrzmm^mnm\z ^ *) 

■t^B0:^^-9-^^f^L. If -T^^ > ^ 4 0 2 fcie^i"^ „ ^ > h a - ^ 4 0 3 li 

L. m^mmm^ 4 2 1. -^^mmm^ 4 2 0 1 1 ^izn^ti't ^ . m^^^r- 9 4 1 9t±. 
M.m.^m\^m 4 0 4 iz ^ -yXMrn-^m^ fi. □ [hie&4 0 7 ic^m^ fB]aH[Hig& 

4 0 bit. y^^mmm^4 2 O^J: ^*^ii.[B]Sgft^ 4 2 1 ^gttTlB]SH1^vl^<?>/-ca6c7) 57 ^ 

5 > r#<7>il-^i^C'^^® ^IsISB^lx-g. ^a6<7) 7° ';7'>^^u^^fi^-t^„ ai^->v^'lHll^4 0 7 
li. M[i.^miHl!?& 4 0 4 feck ^/[B] 1^0 ^4 0 5 i?- ft ^ S It . M IS € ]^ <)6 ^ ^• ^ 

>v h ^±f^L. m^^'rv h itmm'i^^m^ 4 o 9 x^^^Ltzmmm^^miz ^ ^m^4 0 

8 $ti. ^ftT>^-^4 1 OJ;^ Mil $ ti S o Z<f>'r y ^ -i-lt . m 4 iz^n 

iHrnmrnmrn-r y ^-i- 1 o s izm-^-t ^ . i:-i±<^\^m^mitm 4 ^^i^m 1 0 2 icj^m^ 

ti^o «?f^mMffl<^T> ^-^ 4 2 7ti^^F#gl^ (UllcT)! 0 1) icl^t^^ti. fB]$i^-7' 

icT:^#gMc^§^,!&mst5iHiie& 4 0 6 izmm^ii^. 

[ 0 0 6 8 ] 

Sff-r > -^-^ 4 1 1 tt. Htiiesift-r> -^-^ 4 1 0 ^ *)mit ^ tirz-mm^m^'k^m-t ^ 

o ^it-r y ^ 4 1 lit. m 4 iz^.-trnmnmitm^it-r y I <d 4 izm^^-t ^ . 

-r y y' 4 1 2 iz ^ ^xmm^ tifz'^. ^< 7.-7 ^ Ji 9 4 1 3 ic J; ^ 

itcD^m^fk^^i: L T [B] afj 0 g& 4 1 4 ic At(^ n^. k ^ 5^ 4 1 3 ami^ffl 

tz^'^y Y ^^7,-7 A 9 4 1 3 li 7° >; T > 7° 4 1 2 ilu ^ L T t J; „ >^y Y ^^^.-y ^ 9 

4 1 3^-7"';7'>7°4 1 2 <DmM.\^fz%^\t. y' ') -r y y' 4 1 2lcft-^3b»A;0^ti'&HUlc 
^ ti § <50T. y ') T y ^ 4 1 2 <50 r 5 -y u > i^Mc ^ tii * -S jx ffi . 

^N'> K ^< ^ >i 9 4 1 S \zm^i}^3h:h t. ') t y V 4 1 2 ayU^i^^'kmit^ H± -5 o 
[ 0 0 6 9 ] 

^■>bh\z LT^. m-^it-r y ^ 4 10. 4 1 1 ic J: il^ S( 31 JR ft 'f4 A^- ife § 56 ^ s+ 

tc^r^**^t£ S ^ X -1^ AMfiK**#^ i: =5: § , [bISH 4 1 4 T tJSfl ft ^ ^< ^ -y h 1*1 

^/^-tSo Sif 0^4 1 6 It. S<S<t-^^SttTHuieisISH01^4 1 4^PLL4 1 b co iH, 

tl^i$.v^ . ^ -y h <7>Sli^tf 7 o -y -y 7 \bI^ 4 I S It . UM^ flfz ^< -y V f)-^ h 
V h|^<^^^^--^4 2 2\z9 ^ 5> ^^i^f^^X-^^^nmif^ 4 2 3. SiEfBjSHft-^4 
2 4. X K ^ ^<<7}mM ^ u -y 7 4 2 b ^ i± . ^ tl ^' tli^H^^-* L C D 4 2 6 ^ 

tc^fe^ife.^ K ^ ^<-^ii^tl La^^tf 7 c l^M_h<?>0i?&^^li H 4 1 0 2 tcjil^ 

[ 0 0 7 0 ] 

mm'j^^m^4 o 9 ^^sgMiv^fcii ^ >^-:rsfs^^«^mi$^ j; 7 izm'^^^mm-t^m 

*^]5te#y<7)Jc-7lc5 GHzg)^<^l^il^f(^al^a\ 1 0 0Mb p s ^ - 9 ^ i^^M L Xij 
t^^^Ult 2 0 0 MH z g)^T*> . i: A ir' <7> jf ^ ^ M < i$.m t/'TiJ mx 3h ^ o 0 

6 ^j^'bS2i<7>-3 dB ti 4 0 0MHzab*). z y iz ^hT y ^ -i- ^ m ^''X m^i^i it 
LX^^t^lz lt-t^^j:^^iJ^$>^ o 

[ 0 0 7 1 1 

^ ^ mi±itLx B fz. mmmti. mmamaymm . em mm. mm'\tmi^t£ t-^m 

]K ic Jc o T ^fe c -5 ft ^ <7>P«^ii^ T § ^ o iff [c [B] — ^ 7.^ u\^]zm^lz ^^t/ 'Sr'^vl^^ 

mw\ 2 ] 

[ 0 0 7 2 ] 



[ 0 0 7 3 ] 

El 9 ic V ^ T . 5 0 1 ltlf^^[HMitmMit'r > ^ -i-x^m 4 cDMit'T y ^ -h 1 0 3 (c ffl ^ 

o Zti'h<7>Tly^-)-b 0 1 . 5 0 2 tt/jNT > -7^ /ca6]Ktt > V T ^ 

9 > < . ^ tl^-tlR 1+ j X 1. R 2+ j X 2^ J: -7 ic^ ^ tl S o ii^fT 'J^S^ 7- > ^ 

-MC T i± . 'i -F ^ 57 > 7. 5t X 1 . X 2 1± # M '14 T ife . :^ ffi ^ If o „ 3 tl ^ 'i T ^ 
^ > A 5> li . i$.mm)lk^lZis\-^X "^rj t ^ J: n ^ > y ^ 9 y 7.m^ 5 0 3 . 5 0 

s C tlib^ > y 5^ > Xi^T 5 0 3 , 5 0 4 — g^ic#a6^ C h *»tjb*-5 o 
[ 0 0 7 4 ] 

Atl^^X^*). ^ -y ^> r[HlE& 5 0 6 ic J; ^ > 7.^t^^ff v^. ^</)Vffitiit/ 

> - > 7s 5 0 7 Jb* R 1 t -5 J; ^ ic V -y ^ > r ^ IX ^ o . v -y ^ > ^0 S& 5 0 
6fcJ;Df-f>r^57>x5 0 3 ti iiS M ft tii ^ 0 g& t-i^it^ ti^if ^ ti § » > ^ 

^75'>x503tt. mm -1 > y ^ 9 ^ tconm -r ^ 9 y ^jstT^tf *»5rii 

> ^ B(t^ ^ > t° - r > 7s <7> R 1 ft $ < . tij ^ ^ > t° - r > 7s 5 0 7 ^ R 1 
ic - ^ -tt § (7) [i ffi 11 ^ ^ ti 'Sr v-^ Z<D z h\ti)- X. ^xn^t^ . '5r-tf^-'^tt\ 5t 
^ic V -y ^ > r^lXo T L t -7 t . Mfiti^^*--3i)$lc^ < =5r . mmnm^io^^^. < "0 

^ 7s ^ A5'f^^^fi5:tt =5r o T]Ktt ^ ti ^ § „ 3 3 ^ 5 7s >y ^ ;t^Slc i" 

[ 0 0 7 5 1 

7s</>/jx^ft:ic J: ^) si^icMff )iife^i^tai**» < 'a-^ c h^m c z t ^^mxsy^. SftT 

> ^ 5 0 2 IC 2t M T > ^ </) 'j -F 7 ^ > 7s ^ ^ ffl 15 -t -g, 'i -F 7 57 > 7s ^ ^ t L T . ^ > 

57'~ 7 ^ > 7s 5 0 4 ;6^-iB^n ^ ti ^ <, 5 1 0 ti ^ -y ^ > r . mmmilkWClc T t > ^ 
-MiJi?^ lb a/-:: > - y> 7s 5 0 9 i?*R 2 ^ 'Sr ^ J; 7 ic^if ^ tl^ <, ^ -y ^ > r[Hl{?& 

5 1 0 lJv^]S ') -r ^ 9 y Atl -y ^ ^ ^ L T ^tf ^ ti ^ o v -y ^ > r 

iHii^5 1 0 ^iiitim'^itm^\Hmmm<^^mmb i i ic^^^ti^o 

[ 0 0 7 6 ] 

ztih^mmmmitT y 'T-)-i^mm^mv^x't-<x^mi^mmmm±.\zmm i . ^^mit 

^i^u fb^ si^ Z t f]^-^mx 3h^. ^ <^ r# . 'i^^ It y ^ ^ y 1 ^ <7) ^ y 9" 7 9 
y 7.i}^^m^ LX-t^^n^^^^'iiij'm^il-^^t}- fzioK :^^B/!<;o c^^asttc Jctlti\ 3 
J:7'&>^^^>5^^^> T.^ltT y 'T'^<7yWi:^ ') T ^ 9 y 7. ^^^^^ ^ fzibco — m t L 

hx4^mizmM^ ^ z t^-^mt-t^o me ^c^■ts^^°^ >-57ifftttt. :+c||]5&fj 
[^m#y 3 ] 

[ 0 0 7 7 ] 

13 1 Olt^^m\Z-b--b^^^'h\Z ft!i<7>^]5Sl5ljT'*> -2. = [I18i:fB]cS-^^7>-/a-y^li[218i: 
IB] D '&<?>T-mHHaS-|&-t-5o Ctl-^x^^lHU^-Za >y ^7 li^4|#m?tlHi;^_hlcm«t . /JxMfb 

^ L J: 7 ^ ^ vS tc J: o T ') T ^ 9 y 7-. ^ ^ iJ ^ L . M^i^it^k m ^ Z t mx 3h ^ 
, 3<?^i:§mi*[Hl{?&i:T>^-^^ Jf^i" -S > ^ > V <7> > ^ > 7.^^m§.^ 
mit ±.$^<r) ^ ^ 7t:Xtl^^^X B fz o L L i]^' h . Z il ^ <r) it h -o B It M^it ^ y 

m^m'iik^mn'^^'\i.^it'b^B 1 1£ -yxmn^. ^n^^nmM < ^y h tn-ji-t^^it 

faAX3h^. -^muMit^ (T^nm^k^-f . 
[ 0 0 7 8 ] 

-t'5r*5-fc>. fpfffiiHii^ 6 0 1 itmm\Hmmm^m\^^^um\^m4 i e <7)ii!,ti^rzt ^it 



T J: v^o 7 ^ - K 'y <7) ff ^5 i: t tele] — Is ic <fc ^ <S6 * ,W ft ic T € 

MLT^J:v^o 3tllcJ;»). 7 ^ - K > ^- -y <!6 -ft {?§ M *l f b -5. ^ ;b^- 'Sr < 0 S& 

^ ® B§ fb-t ^ C i: **5r |g i: ^ ^ . 
[ 0 0 7 9 1 

*^BHlc J: tllJ . Se*l^^ii#mf*lHll?&7"a -b xic*o- < I j: o § ^ if J; ^«^^fF 
[ 0 0 8 0 ] 

1*1 izW.^^M.B>^ 7x ^ A # a -t ^ <^i^ ^^u. fzt X. It^^L A N ^ 1*1 j^i" ^ ^ X 

mmt^M.^-t^m^izii\^x. m^\Hmmt^m^^^<^mm---^^^^m^WF^^-t^rzdb 

iz h mm^mx'3h ^ „ 

[ 0 0 8 1 ] 

[01] ^¥tm<^'r > ^-)-t]^m^^ fi^ ^ uiy ^ >v m.m^n.%t^^\^ tz t ^cD'\km 
[m 2 ] ^mn<^'r y ^-^ij^mm^ ti^ ^ u^y ^ c tz t ^^v^m 

[m 3 ] ^mn<r)T > ^-)-t^mm^ ri^\^m^m^mm<^9\^m^^s^numo 

[me] ^¥im<^^Mmizis\^x ^ <^^^^Mm-t ^m. 

[ms] ^mn<^mmm^mm't^-^^vi7mo 

[0 9] ^^m<^iiiL<^mmM^Mm't 

[0 10] ^¥tm^ ^ ^izi^L^mmm'&Mm't 

[0 11] 'ift^H'ir^Mm-t ^m. 
[0 1 2] 'ijt^ttWr^Mm-t ^m. 

[ 0 0 8 2 ] 

1 0 3 . 7 0 3 mm\^mmmmm'ry^-i-<7)mm^. 104. 704 aggi^ii-ftffl 

■gffi'>^-^<^S5!:ttis. 4 10. 50 1 mm\^mitmmm'r > ^-^ . 411. 502 
mmiHrnmrn^m-r . 105. 705 ^-^.^^iKft^. 427 m 

^mi^m-r . 5 0 3 . 5 0 4 t 5^ > x 
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